Rats can be made diabetic by pancreatectomy (Scow, 1957) or by the administration of alloxan (Lukens, 1948) or of anti-insulin serum (Armin, Grant & Wright, 1960b) . Some of the metabolic abnormalities in pancreatectomized (Scow & Chernick, 1960) and alloxan-diabetic (Lukens, 1948; rats have been studied, but little is known about the serum-treated animals. The observations reported here show that lipid accumulates rapidly in the liver and blood of rats rendered diabetic by anti-insulin serum.
MATERIALS AND METHODS
Experimental procedure
The rats (albino Wistar; 170-210 g.) were divided into four groups: (a) Diabetic rats, which were injected intraperitoneally with anti-insulin serum (5 ml., sufficient to neutralize 10-16 units of insulin) obtained from guinea pigs treated with recrystallized bovine insulin incorporated into an oily emulsion containing lanolin and paraffin oil (Robinson & Wright, 1961) ; in later experiments a second injection was given after 4 hr., as some (2 out of 4) rats given a single injection were no longer ketonuric after 24 hr. (b) Control rats, which received control serum (5 ml.) obtained from guinea pigs treated with the oily emulsion (see above) but containing no insulin. (c) Fed normal rats, which were untreated animals kept under the same conditions as the diabetic and control groups, with free access to water and a standard rat-cake diet. (d) Starved normal rats, which, since diabetic rats do not eat (Armin et al. 1960b ), were deprived of food but had free access to water.
During the experimental period food intake was measured and urine was tested for glucose and ketones. Blood-sugar concentrations were determined in samples taken immediately before death. The methods were as described by Armin et al. (1960b) . The rats were decapitated 1-48 hr. after injection of serum or withdrawal of food. Blood was collected from the severed necks and cooled in ice to prevent hydrolysis of esterified fatty acids during clotting and separation of serum. The serum and the livers (wrapped in aluminium foil) were stored at -15°.
Estimations
Serum lipids. Esterified fatty acids were estimated by the method of Stern & Shapiro (1953) .
Non-esterified fatty acids were estimated by the method of Dole (1956) , modified to produce a one-phase titration system; the heptane extract (3 ml.) was titrated with 5 mN-NaOH in 90% (v/v) (Davison, Dobbing, Morgan & Wright, 1958 Baker, 1960) . The resultant methyl esters of the fatty acids were purified by sublimation at low pressure and analysed by gas chromatography as described by R. W. R. Baker (in preparation). Fatty acid compo8ition of adipose-tissue lipid. Pieces (0-2-0.3 g.) of mesenteric fat were removed from normal fed rats. The lipid was extracted and saponified, and the methyl esters of the fatty acids were prepared and analysed by gas chromatography by the methods used for liver lipids.
V8LIPID METABOLISM IN DIABETIC RATS RESULTS
The rats responded to the injection of antiinsuilin serum in the way described by Armin et al. (1960b) . They ate very little and lost weight at the same rate as starved normal animals (Table 1) . Glucose appeared in the urine within 2 hr. and persisted until death. The time of onset of ketonuria was variable, ranging from 5 to 16 hr. Free fluid was found in the peritoneal cavities 1 and 3 hr. after injection, but not thereafter unless a second injection had been given. By 12-24 hr. their stomachs were grossly distended with food and fluid and their livers were pale and mottled. No gross signs of infection were found in the peritoneum or elsewhere. The control animals behaved like normal fed animals in all respects.
Blood-sugar and 8erum-lip concentration2 (Table   1 ). The blood-sugar and serum-non-esterified-fatty acid concentrations rose rapidly in the diabetic rats, the former reaching a maximum of about 300 mg./ 100 ml. in 3 hr. and the latter continuing to rise for 89±9-4 (20) 3-3±1-7 (4) 90 (2) 4-2±3-0 (4) 93±8-6 (4) 8±3-8 (8) t148±26 (4) 310±21 ( t The proportion of total cholesterol which was esterified did not vary; the mean value for all rats (24) was 92±:7-2%. M. E. TARRANT, R. H. S. THOMPSON AND P. H. WRIGHT 12 hr. to reach a concentration (2-26 ,equiv./ml.) seventimesnormal. Asignificantincrease (P< 0.05) in the serum-esterified-fatty acid concentration was detected in 1 hr.
During the first 12 hr. of starvation the bloodsugar concentration of normal rats fell slightly to about 70 mg./100 ml. and the serum-non-esterifiedfatty acid content doubled, but the serum-esterifiedfatty acid concentration remained steady. No changes occurred thereafter.
Liver lipid. The lipid contents of the livers of diabetic rats increased rapidly, but no changes occurred in the starved or control groups ( Table 2) . The increase was first detected at 3 hr. (P < 0 001) and at 12 hr. the lipid content was more than twice normal. The small increase in the liver-lipid concentration of starved normal rats is attributed to a decrease in the size of the livers.
This increase in liver lipid in diabetic rats is predominantly due to a large accumulation of esterifled fatty acids (Table 3) , but partly also to a small rise in non-esterified-fatty acid content. No changes (P> 0.10) were detected in the phospholipid and cholesterol contents (Table 2) . Starved normal rats showed no consistent changes in the composition of their liver lipid.
The fatty acid contents of the saponified liver lipid were almost identical with the total fatty acid contents (esterified plus non-esterified) of the total lipid from which they were obtained (Table 3) . The esterified-fatty acid content of the saponified lipid was less than 1 %.
The fatty acid composition of the liver lipids of diabetic rats (Table 4 ) was abnormal. Normal-rat livers contained roughly equal weights of palmitic acid, stearic acid, oleic acid, arachidonic acid and (12) 154 (2) 109 (2) 106 (2) 122 (2) 106+24 (4) 113+11 (4) 177+8-7 (4) 150+12 (4) 342±+83 (4) 399+25 (4) NEFA in total lipid 6-7+1-3 (12) 5-7 (2) 7*9 (2) 10-4 (2) 7-1 (2) 6-3+0-40 (4) 6-7+0-79 (4) 6-2+0-52 (4) 9-8+0-72 (4) 16-1+1-0 (4) 13-4+1-3 (4)
Total fatty acids after saponification 128+18 (8) 161 (2) 115 (2) 107 (2) 125 (2) 194+16 (4) 160+20 (4) 344+84 (4) 401+26 (4) linoleic acid, together with lesser amounts of clupanodonic acid, palmitoleic acid and myristic acid. The diabetic-rat livers contained much more oleic acid, palmitic acid and linoleic acid, but no more (P>0.10) stearic acid or arachidonic acid; there were small but significant (P< 0.05) rises in palnitoleic acid, myristic acid, and clupanodonic acid. From the results in Table 4 the mean molecular weights of the fatty acids from the livers of normal and diabetic rats were calculated to be 281 and 275 g. respectively.
Adipose-tissue lipid. Table 5 shows that adiposetissue lipid from normal rats contains proportionately much more oleic acid and much less stearic acid and arachidonic acid than the corresponding liver lipid. DISCUSSION These results show that the diabetic syndrome of polyuria, glycosuria, ketonuria and hyperglycaemia, occurring in rats treated with anti-insulin serum, is accompanied by rapid accumulations of lipid in the liver and blood. Similar accumulations of liver lipid have been described in pancreatectomized rats (Chernick & Scow, 1959) and in alloxandiabetic rats after withdrawal of insulin (Spiro, Ashmore & Hastings, 1958) .
Serum-treated rats become diabetic more rapidly than do either alloxan-diabetic or pancreatectomized rats. Immediately after the injection, their blood-sugar concentrations begin to rise at rates which are greater in well-nourished (190 mg./ 100 ml./hr.) than in starved (83 mg./100 ml./hr.) animals (Armin, Grant & Wright, 1960a) . After pancreatectomy the blood-sugar concentrations of starved rats rise at only about 20 mg./100 ml./hr.
(Chernick & Scow, 1959) , and in alloxan-diabetic rats no rise in blood-sugar concentration occurs for at least 4 hr. after the last subcutaneous injection of soluble insulin . The total lipid and total fatty acid (esterified plus non-esterified) contents of the livers of serum-treated rats both increase at mean rates of about 12 mg./100 g. of body wt./hr. during the first 24 hr. Again this is more rapid than the rate (4-2 mg./100 g. of body wt./hr.) calculated from the results of Chernick & Scow (1959) for the first 18 hr. after pancreatectomy.. The fatty acid contents of the livers of alloxan-diabetic rats do not change for at least 4 hr. after the last injection of insulin and then rise slowly (5-7 mg./100 g. of body wt./hr.) during the next 16 hr. ). These differences are probably due to variations in the rate of onset of insulin deficiency, which is fastest after serum administration and slowest in alloxan-diabetic rats. In the former case the injected anti-insulin serum rapidly induces insulin deficiency by neutralizing endogenously secreted insulin (Armin, Cunningham, Grant, Lloyd & Wright, 1961) , but in the latter signs of diabetes do not appear until the effects of the injection of a depot of soluble insulin have worn off. Pancreatectomized animals probably fall between these two extremes, for the source of endogenous insulin has been removed and only a small amount of hormone remains to circulate in the blood and disappear in an unknown but probably short time.
The lipid accumulating in the livers of serumtreated rats is composed almost entirely of esterified fatty acids but contains no phosphorus or cholesterol, and therefore consists predominantly of neutral triglycerides; this has also been shown in pancreatectomized rats (Chernick & Scow, 1959) . With respect to fatty acid composition this triglyceride is very similar to depot fat (Table 5) and resembles normal-rat-liver triglyceride (Creasey, Vol. 84 9
